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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
semiconductor device and a manufacture of 
the same having an electrical insulation layer 
superior to the deposition planaiizability on 
the wiring structure on the substrate. 

SOLUTION: The semiconductor comprises a 
cured hydrogen silsesquioxane resin having at 
least 45 weight % of hydrogen silsesquioxane 
of less than molecular weight 1500, and an 
underlying insulation layer 2 formed by thin 
film mainly made from silica, and interlayer 
insulation layer 4 and 7. These insulation 
layers 2, 4, and 7 are formed with coating 
films made by applying the liquid comprising 
hydrogen silsesquioxane resin having at least 
45 weight % of hydrogen silsesquioxane resin 
of less than molecular weight 1500 and 
solution to the semiconductor substrate 1, the 
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lower layer wiring 3a, 3b, and 3c, and the 
upper layer wiring 6a and 6b, and by curing 
under exposure to high energy beam. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** snows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The semiconductor device which is the hardened material of the hydrogen silsesquioxane resin with which the 
aforementioned electric insulation layer contains a with a molecular weight of 1500 or less hydrogen silsesquioxane resin at 
least 45% of the weight in the semiconductor device which comes to prepare the wiring structure which consists of a 
conductive layer of at least one layer through an electric insulation layer in the front face of a semiconductor substrate, and 
was formed from the thin film which makes a silica a subject. 

[Claim 2] It faces manufacturing the semiconductor device which comes to prepare the wiring structure which consists of a 
conductive layer of at least one layer through an electric insulation layer in the front face of a semiconductor substrate. Apply 
the liquefied object which consists of a hydrogen silsesquioxane resin which contains a with a molecular weight of 1500 or 
less hydrogen silsesquioxane resin at least 45% of the weight, and a solvent on the front face of the aforementioned 
semiconductor substrate, and the aforementioned conductive layer, and a paint film is formed. Subsequently, the manufacture 
method of the semiconductor device which irradiate this paint film, it is made to harden a high-energy line, and forms the 
aforementioned electric insulation layer. 

[Claim 3] The manufacture method of a semiconductor device according to claim 2 of irradiating a high-energy line and 
making it harden after carrying out heating fusion of the aforementioned paint film and performing embedding of the level 
difference section of the aforementioned semiconductor substrate, and flattening of a paint film. 

[Claim 4] The manufacture method of a semiconductor device according to claim 2 or 3 that the aforementioned high-energy 
line is an electron ray. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the semiconductor device which has the electric 
insulation layer excellent in the covering flat metaplasia to the wiring structure on a substrate, and its manufacture method. 
[0002] 

[Description of the Prior Art] In order to protect conventionally the electrical circuit (a conductive layer, wiring structure 
which consists of lead wire) formed on the wafer (substrate) in semiconductor devices, such as electron devices, such as 
DRAM and a logic IC. the electric insulation layer is prepared in the front face of the electrical circuit. Moreover, when a 
semiconductor device takes the multilayer-interconnection structure to which the laminating of two or more electrical circuits 
was carried out, the electric insulation layer is prepared also among the layers between the upper wiring and lower layer 
wiring etc. 

[0003] Using a ceramic-like silica film is known as such an electric insulation layer. For example, after applying the solvent 
solution of a hydrogen silsesquioxane resin on a semiconductor substrate (thing in which the electrical circuit was formed on 
the substrate) and evaporating a solvent from the paint film, by heating under a 1 50-1000-degree C temperature condition, this 
resin is formed into a ceramic-like silica to JP,6-42477,B, and the method of covering an electron device with a silica film is 
indicated. 

[0004] However, generally, the hydrogen silsesquioxane resin contained the volatile component (low molecular weight 
constituent) of the grade which cannot be disregarded, reduction of the thickness of **** and a paint film took place this to 
such an elevated temperature, and there was a problem of internal stress occurring in a film, and there was a problem that the 
contamination to the peripheral device by scattering of a volatile component took place. In order to solve this problem, the 
method of removing the low molecular weight constituent in a hydrogen silsesquioxane resin is proposed. For example, a 
solvent is added to the compounded hydrogen silsesquioxane resin, and the method of removing a low molecular weight 
constituent is proposed by JP,6-1 57760, A. However, the hydrogen silsesquioxane resin from which the low molecular weight 
constituent was removed by the method of starting had the fault of being inferior to covering flat metaplasia, when it applied 
to a semiconductor substrate. If covering flat metaplasia is bad, abnormalities will arise in the electrical property of a 
semiconductor device. Moreover, in addition to the hydrogen silsesquioxane resin of the amount of macromolecules being 
inferior to covering flattening to a semiconductor substrate in itself, the need had the process which heats under a high 
temperature condition (200 degrees C or more), and is fused in softening temperature being high (180 degrees C or more), 
and the hydrogen silsesquioxane resin of the amount of macromolecules covering a semiconductor substrate using this thing. 
Furthermore, this thing was what there is a fault, such as being inferior to the embedding nature to the level difference section 
of the semiconductor substrate of an electron device which has multilayer-interconnection structure, and cannot fully be 
satisfied. 
[0005] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is to offer the semiconductor device which has the 
electric insulation layer excellent in the covering flat metaplasia to the wiring structure on a substrate, and its manufacture 
method. 
[0006] 

[Means for Solving the Problem] In the semiconductor device which comes to prepare the wiring structure which consists of a 
conductive layer of at least one layer through an electric insulation layer in the front face of a semiconductor substrate, the 
semiconductor device of this invention is the hardened material of the hydrogen silsesquioxane resin with which the 
aforementioned electric insulation layer contains a with a molecular weight of 1500 or less hydrogen silsesquioxane resin at 
least 45% of the weight, and is characterized by being formed from the thin film which makes a silica a subject. 
[0007] Moreover, the manufacture method of the semiconductor device of this invention is faced manufacturing the 
semiconductor device which comes to prepare the wiring structure which consists of a conductive layer of at least one layer 
through an electric insulation layer in the front face of a semiconductor substrate. Apply the liquefied object which consists of 
a hydrogen silsesquioxane resin which contains a with a molecular weight of 1500 or less hydrogen silsesquioxane resin at 
least 45° o of the weight, and a solvent on the front face of the aforementioned semiconductor substrate, and the 
aforementioned conductive layer, and a paint film is formed. Subsequently, it is characterized by irradiating this paint film. 
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making it harden a high-energy line, and forming the aforementioned electric insulation layer. 

[0008] Thus, while being able to raise the covering flat metaplasia of an electric insulation layer in order not to use the 
hydrogen silsesquioxane resin of the amount of macromolecules if it puts in another way in order to use the hydrogen 
silsesquioxane resin which contains a with a molecular weight of 1500 or less hydrogen silsesquioxane resin at least 45% of 
the weight, it becomes possible to raise the embedding nature to the level difference section of the substrate of an electron 
device. Moreover, since it does not heat at an elevated temperature (150 degrees C - 1000 degrees C) as in the former in order 
to irradiate a paint film and to make it harden a high-energy line (it is 60 degrees C or less though heated), reduction of the 
thickness of the paint film by volatilization of a low molecular weight constituent etc. does not arise. 
[0009] 

[Embodiments of the Invention] In order to manufacture the semiconductor device of this invention, as shown in drawing 1 
(a), the ground insulating layer 2 is first formed in the front face of the semiconductor substrate 1. Subsequently, on the 
ground insulating layer 2, sputtering of the metals, such as aluminum, is carried out, a conductive layer is formed, patterning 
of this is carried out by the well-known method, and the lower layer wiring 3a, 3b, and 3c is formed. 
[00 1 0] Next, as shown in drawing 1 (b), an insulating layer 4 is formed after the lower layer wiring 3a, 3b, and 3c. Next, by 
carrying out the mask of the front face of an insulating layer 4 by the photoresist, for example, **********i n g alternatively 
the insulating layer 4 on lower layer wiring 3a and 3c, as shown in drawing 1 (c) After preparing the through hole which 
reaches the lower layer wiring 3a and 3c, respectively, carry out sputtering of the metals, such as aluminum, to this through 
hole inside, and a conductive layer is formed. The wiring 5 between layers is made to remain in the above-mentioned through 
hole by carrying out etchback until an insulating layer 4 exposes this by plasma etching. 

[00 1 1 ] Subsequently, as shown in drawing 1 (d), the upper wiring 6a and 6b and an insulating layer 7 are formed, respectively 
on the front face by which etchback was carried out to having arranged the lower layer wiring 3a-3c and the insulating layer 4 
by the same method. Thus, on the semiconductor substrate 1, the multilayer-interconnection structure which consists of lower 
layer wiring 3a-3c and the upper wiring 6a and 6b is formed, and these wiring is electrically insulated by the insulating layers 
4 and 7 between the ground insulating layer 2 and a layer. 

[0012] The insulating layers 4 and 7 between the ground insulating layer 2 and a layer are the hardened materials of the 
hydrogen silsesquioxane resin which contains a with a molecular weight of 1500 or less hydrogen silsesquioxane resin at least 
45% of the weight, and are formed from the thin film which makes a silica a subject, respectively, a hydrogen silsesquioxane 
resin - formula: -- HSiO 3/2 It is the polysiloxane which makes the main frame 3 functionality siloxane unit shown, and is the 
polymer expressed with general formula:(HSiO 3/2) n (n is an integer among a formula. ). The hydrogen silsesquioxane resin 
used by this invention needs to contain a with a molecular weight of 1 500 or less hydrogen silsesquioxane resin at least 45% 
of the weight, and it is desirable to contain at least 50% of the weight. If molecular weight becomes less than 45% of the 
weight, 1500 or less hydrogen silsesquioxane resins content this When it faces forming insulating layers 4 and 7 and a 
hydrogen silsesquioxane resin is applied to the lower layer wiring 3a, 3b, and 3c or the upper wiring 6a and 6b, It is because it 
becomes impossible to form the homogeneous silica film (electric insulation layer) which was inferior to the covering flat 
metaplasia to these wiring, was inferior to the embedding to the level difference section of the semiconductor substrate of the 
electric device which has multilayer-interconnection structure especially, and was excellent in electric insulation. 
[0013] Generally a hydrogen silsesquioxane resin is manufactured by understanding a trichlorosilane an added water part and 
carrying out a polycondensation (refer to JP,47-3 1 838, B, JP,59- 1 89 1 26, A, and JP,60-42426,A). The hydrogen silsesquioxane 
resin used by this invention can be manufactured by separating a low molecular weight constituent by adding a nonpolar 
solvent to the hydrogen silsesquioxane resin which took the means to which the amount of generation of a with a molecular 
weight of 1500 or less low molecular weight constituent is made to increase in the manufacture method of the hydrogen 
silsesquioxane resin generally known, or was compounded, dissolving this resin, adding polar solvents to this solution and 
carrying out molecular weight judgment. 

[0014] ** In order to form the insulating layers 4 and 7 between the ground insulating layer 2 and a layer On the front face of 
the semiconductor substrate 1, on (drawing 1 (a)) and the lower layer wiring 3a, 3b, and 3c First, (drawing 1 (b)), Or after the 
upper wiring 6a and 6b, the liquefied object which consists of a hydrogen silsesquioxane resin which contains ( drawing 1 ( d)) 
and a with a molecular weight of 1500 or less hydrogen silsesquioxane resin at least 45% of the weight, and a solvent is 
applied, and a paint film is formed. 

[0015] The solvent used here dissolves a hydrogen silsesquioxane resin, and especially if a chemical change is not caused, it 
will not be limited. As this solvent, aromatic system solvents, such as toluene and a xylene, a hexane, Ketone system solvents, 
such as aliphatic system solvents, such as a heptane and an octane, a methyl ethyl ketone, and a methyl isobutyl ketone, 
Aliphatic ester solvents, such as butyl acetate and an isoamyl acetate, 1, 1, 1,3 and 3, 3-hexa methyl disiloxane, Chain-like 
j riethyl silo xane s, such as 1, 1,3, and 3-tetramethyI disiloxane, The SHIRIKONN system solvent of silane compounds, such 
as cycloslloxanes, such as 1, 1, 3, 3, 5, 5, 7, and 7-octamethyl tetracyclo siloxane, 1. 3 and 5, and a 7-tetramethyl tetracvclo 
siloxane, a tetramethylsilane, and dimethyl diethylsilane, is ************. a silicone system solvent is desirable also in these. 

[0016] The liquefied object which consists of an above-mentioned hydrogen silsesquioxane resin and an above-mentioned 
solvent is not hindered by carrying out addition combination of a well-known ceramic oxide precursor, for example, a 
tetrapod n-propoxy zirconium, tetrapod iso PUTOKIKISHI titanium, tris pentane 2 acid aluminum, a pentaethoxy tantalum, 
TORIPUROPOKISHI vanadium, pentaethoxy niobium, a PENTA 2 acid zirconium, the JIPUTOKISHI screw pentane 2 acid 
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titanium, etc. conventionally, unless the purpose of this invention is spoiled. Moreover, a platinum catalyst or a rhodium 
catalyst can be added and the formation speed and the degree of a silica film (electric insulation layer) can be made to 
increase. As this catalyst, the complex of a chloroplatinic acid, a platinum chloride, and tetramethyl divinyl disiloxane is 
mentioned. Generally these catalysts are used within the limits of the 1 - 500 weight section to the hydrogen silsesquioxane 
resin 1 million weight section, 

[0017] It is not limited especially that what is necessary is just the method of applying uniformly as the method of application 
for forming the above-mentioned paint film. As this method of application, the spin coating method, a dip coating method, the 
spray coating method, and the flow coating method are illustrated. Evaporation removal of the solvent is carried out from this 
paint film. Especially as a method of evaporating a solvent, it is not limited but the method of leaving and air-drying under 
ordinary temperature or heating of 60 degrees C or less, the method of putting under reduced pressure, the method of spraying 
a wind, etc. are illustrated. 

[001 8] Since a solvent disperses by rotation in adopting the spin coating method as the method of application, generally the 
drying time is not required. Moreover, formation of a paint film may produce an opening in this way at the bottom of the level 
difference section (crevice between the lower layer wiring 3a, 3b, and 3c or between the upper wiring 6a and 6b) of a 
semiconductor substrate. Furthermore, there are many states where the front face of a paint film lenticulated, and bird 
clappers. Then, in order to abolish such an opening and a surface flapping state, it is desirable to carry out heating fusion of 
the paint film at the temperature which does not vaporize a paint film, for example, the temperature of 60 degrees C or less, 
and to perform embedding of the level difference section and flattening of a paint film. 

[0019] ** Next, irradiate this paint film and make it harden a high-energy line. By this, some hydrogen silsesquioxane resins 
at least ] which constitute a paint film change into a silica, and the insulating layers 4 and 7 between the ground insulating 
layer 2 which consists of a silica, and a layer are formed, respectively. Here, a silica means a silicon dioxide (Si02) and the 
amorphous silica which has not carried out the deletion of an amorphous silica and a silanol group, and/or the hydrogen atom 
completely is also contained in this. Moreover, as mentioned above, when addition combination of the ceramic oxide 
precursor etc. is carried out at a liquefied object, the thing containing these compounds is also contained. 
[0020] As a high energy used here, there are an electron ray, ultraviolet rays, an X-ray, infrared radiation, microwave, etc. It is 
desirable to use an electron ray also in these. It is desirable to perform high-energy line irradiation in air or oxygen content 
gas. Gas other than oxygen content gas may be used, and nitrogen gas and argon gas are illustrated by this. The silicon 
atomic-union hydrogen atom in a hydrogen silsesquioxane resin is activated, a hydrogen silsesquioxane resin oxidizes by the 
oxygen gas in atmosphere, and a high-energy line is converted into a silica. The temperature at the time of irradiation of a 
high-energy line and the conversion temperature to a silica have the desirable temperature which can, if possible, suppress 
scattering of a low-molecular-weight hydrogen silsesquioxane resin, and it is desirable that it is within the limits which is 
10-50 degrees C. 
[0021] 

[Example] The section expresses the weight section among an example and the example of comparison. About the inversion 
nature to a silica, residual SiH% in a paint film was measured and judged by Fourier transform infrared-absorption spectral 
analysis. Molecular weight was measured using the gel permeation chromatography (GPC), The measurement conditions are 
as follows. 
[0022] 

Equipment: The TOSOH make, 2 % of the weight (toluene solvent) of 802 A column:G3000/G4000/G5000/G6000 carrier 
solvent:toiuene column temperature:30 degree-C molecular weight standard:polystyrene detection method:differential 
refractive-index sample:solid contents 

[Example 1] Molecular weight judgment of the hydrogen silsesquioxane resin (the with number average molecular weight 
1,540, weight average molecular weight 7,705, and a molecular weight of 1,500 or less component of 41%, softening 
temperature of 90 degrees C) was carried out, and 72% of with number average molecular weight 743, weight average 
molecular weight 1,613, and a molecular weight of 1,500 or less components and the fraction with a softening temperature of 
25 degrees C were obtained. This fraction was dissolved in hexa methyl disiloxane / octamethyl trisiloxane (30 sections / 70 
section) partially aromatic solvent, and it considered as the solution of 15 % of the weight of solid contents. 
[0023] It has arranged as an electric insulation layer between wiring layers of the semiconductor device which has the 
aluminum multilayer-interconnection structure (0.5 micrometers, level difference width of face, and a level difference interval 
consist of a pattern whose level difference quantity is 0.18 micrometers each) constituted on the silicon substrate in this 
solution. After specifically covering a ground level difference with a CVD (chemistry gaseous-phase vacuum evaporationo) 
film, on the substrate, the spin coat of this solution was carried out in this rotation 3,000rpm / 10 seconds for pre-rotation 
500rpm / 3 seconds, the solvent was fully evaporated further, and the paint film of 6,540A thickness (the deepest section) was 
formed. 

[0024] When this substrate was exposed to the bottom of the amount of DOSU of 160Mrad(s) with electron-beam-irradiation 
equipment of 165kV of acceleration voltage under the nitrogen containing 70 ppm of oxygen densities, it turns out that the 
hydrogen silsesquioxane resin in a paint film converted into the silica. Moreover, the abnormalities of a crack and others were 
not accepted in the film after conversion (electric insulation layer). After forming a CVD film on this electric insulation layer 
furthermore, the multilayer-interconnection structure by beer hall contact form was taken. Abnormalities were not looked at 
by the electrical property of this equipment. 
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[0025] [Example 2] It has arranged as an electric insulation layer between wiring layers of the semiconductor device which 
has the aluminum multilayer-interconnection structure (0.5 micrometers, level difference width of face, and a level difference 
interval consist of a pattern whose level difference quantity is 0.18 micrometers each) constituted on the silicon substrate in 
the solution of an example 1. After specifically covering a ground level difference with a CVD film, on the substrate, the spin 
coat of this solution was carried out in this rotation 3,000rpm / 10 seconds for pre-rotation 500rpm / 3 seconds, the solvent 
was fully evaporated further, and the paint film of 6,530A thickness was formed (in the deepest section). 
[0026] When this substrate was exposed to the bottom of the amount of DOSU of 240Mrad(s) with electron-beam-irradiation 
equipment of 165k V of acceleration voltage under the nitrogen containing 70 ppm of oxygen densities, it turns out that the 
hydrogen silsesquioxane resin in a paint film converted into the silica. Moreover, the abnormalities of a crack and others were 
not accepted in the film after conversion (electric insulation layer). After forming a CVD film on this electric insulation layer 
furthermore, the multilayer-interconnection structure by beer hall contact form was taken. Abnormalities are looked at by the 
electrical property of this equipment. Is it ****? 

[0027] [Example 3] The fraction of an example 1 was dissolved in hexa methyl disiloxane / octamethyl trisiloxane (30 
sections / 70 section) partially aromatic solvent, and it considered as the solution of 25 % of the weight of solid contents. It 
has arranged as an electric insulation layer between wiring layers of the semiconductor device which has the aluminum 
multilayer-interconnection structure (1.0 micrometers, level difference width of face, and a level difference interval consist of 
a pattern whose level difference quantity is 0. 1 8 micrometers each) constituted on the silicon substrate in this solution, the 
substrate top after specifically covering a ground level difference with a CVD film -- this solution pre-rotation 500rpm/-- 
for 3 seconds, subsequently the spin coat was carried out in this rotation 3,000rpm / 10 seconds, the solvent was fully 
evaporated further, and the paint film of 13,240A thickness was formed (in the deepest section) 

[0028] When this substrate was exposed to the bottom of the amount of DOSU of 160Mrad(s) with electron-beam-irradiation 
equipment of 165k V of acceleration voltage under the nitrogen containing 70 ppm of oxygen densities, it turns out that the 
hydrogen silsesquioxane resin in a paint film converted into the silica. Moreover, the abnormalities of a crack and others were 
not accepted in the film after inversion (electric insulation layer). After forming a CVD film on this electric insulation layer 
furthermore, the multilayer-interconnection structure by beer hall contact form was taken. Abnormalities were not looked at 
by the electrical property of this equipment. 

[0029] [Example 4] It has arranged as an electric insulation layer between wiring layers of the semiconductor device which 
has the aluminum multilayer-interconnection structure (0.5 micrometers, level difference width of face, and a level difference 
interval consist of a pattern whose level difference quantity is 0.18 micrometers each) constituted on the silicon substrate in 
the solution of an example 1 . the substrate top after specifically covering a ground level difference with a CVD film - this 
solution -- pre-rotation 500rpm/-- for 3 seconds, subsequently the spin coat was carried out in this rotation 3000rpm / 10 
seconds, the solvent was fully evaporated further, and the paint film of 6,540A thickness was formed (in the deepest section) 
[0030] When this substrate was exposed to the bottom of the amount of DOSU of 160Mrad(s) with electron-beam-irradiation 
equipment of 165kV of acceleration voltage under the nitrogen containing 70 ppm of oxygen densities, it turns out that the 
hydrogen silsesquioxane resin of a paint film converted into the silica. Moreover, the abnormalities of a crack and others were 
not accepted in the film after conversion (electric insulation layer). Furthermore, this substrate was calcinated at 400 degrees 
C under the nitrogen air current of about 100 ppm of oxygen densities all over the quartz furnace for 1 hour. 
[003 1] Although the degree of conversion to a silica advanced slightly compared with the example 1, the abnormalities of a 
crack and others were not accepted in a film (electric insulation layer). After forming a CVD film on this electric insulation 
layer furthermore, the multilayer-interconnection structure by beer hall contact form was taken. Abnormalities were not 
looked at by the electrical property of this equipment. 

[0032] [Example 5] The fraction of an example 1 was dissolved in the methyl isobutyl ketone, and it considered as the 
solution of 15 % of the weight of solid contents. It has arranged as an electric insulation layer between wiring layers of the 
semiconductor device which has the aluminum multilayer-interconnection structure (0.5 micrometers of level difference 
quantities, level difference width of face, and a level difference interval consist of a pattern which is 0.18 micrometers each) 
constituted on the silicon substrate in this solution, the substrate top after specifically covering a ground level difference with 
a CVD film -- this solution pre-rotation 500rpm/-- for 3 seconds, subsequently the spin coat was carried out in this rotation 
3000rpm / 10 seconds, the solvent was fully evaporated further, and the paint film of 6,485 A thickness was formed (in the 
deepest section) 

[0033] When this substrate was exposed to the bottom of the amount of DOSU of 160Mrad(s) with electron-beam-irradiation 
equipment of 165kV of acceleration voltage under the nitrogen containing 70 ppm of oxygen densities, it turns out that the 
hydrogen silsesquioxane resin in a paint film converted into the silica. Moreover, the abnormalities of a crack and others were 
not accepted in the film after conversion (electric insulation layer). After forming a CVD film on this electric insulation layer 
furthermore, the multilayer-interconnection structure by beer hall contact form was taken. Abnormalities are looked at by the 
electrical property of this equipment, and it is ******. 

[0034] [Example 6] The fraction of an example 1 was dissolved in hexa methyl disiloxane / octamethyl trisiloxane (30 
sections / 70 section) partially aromatic solvent, and it considered as the solution of 25 % of the weight of solid contents. It 
has arranged as an electric insulation layer between wiring layers of the semiconductor device which has the aluminum 
multilayer-interconnection structure (0.5 micrometers, level difference width of face, and a level difference interval consist of 
a pattern whose level difference quantity is 0. 18 micrometers each) constituted on the silicon substrate in this solution, the 
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substrate top after specifically covering a ground level difference with a CVD film this solution pre-rotation 500rpm/-- 
for 3 seconds, subsequently the spin coat was carried out in this rotation 3,000rpm / 10 seconds, the solvent was fully 
evaporated further, and the paint film of 8,230A thickness was formed in the average deepest section 
[0035] When this substrate was heated for 3 minutes at 60 degrees C on a hot plate and under the nitrogen air current, 
fluidization took place and the embedding and paint film surface flattening between sufficient level differences occurred. 
When this substrate was furthermore exposed to the bottom of the amount of DOSU of 160Mrad(s) with 
electron-beam-irradiation equipment of 165kV of acceleration voltage under the nitrogen containing 70 ppm of oxygen 
densities, it turns out that the hydrogen silsesquioxane resin of a paint film converted into the silica. Moreover, the 
abnormalities of a crack and others were not accepted in the film after conversion (electric insulation layer). 
[0036] After forming a CVD film on this electric insulation layer furthermore, the multilayer-interconnection structure by beer 
hall contact form was taken. Abnormalities were not looked at by the electrical property of this equipment. 
[Example 7] The fraction of an example 1 was dissolved in hexa methyl disiloxane / octamethyl trisiloxane (30 sections / 70 
section) partially aromatic solvent, and it considered as the solution of 18 % of the weight of solid contents. 
[0037] It has arranged as a pulley metal layer of the semiconductor device which has the aluminum multilayer-interconnection 
structure (0.5 micrometers, level difference width of face, and a level difference interval consist of a pattern whose level 
difference quantity is 0.18 micrometers each) constituted on the silicon substrate in this solution, concrete a substrate top - 
this solution - pre-rotation 500rpm/-- for 3 seconds, subsequently the spin coat was carried out in this rotation 3000rpm / 10 
seconds, the solvent was fully evaporated further, and the paint film of 7,005 A thickness was formed (in the deepest section) 
[0038] When this substrate was exposed to the bottom of the amount of DOSU of 160Mrad(s) with electron-beam-irradiation 
equipment of 165kV of acceleration voltage under the nitrogen containing 70 ppm of oxygen densities, it turns out that the 
hydrogen silsesquioxane resin in a paint film converted into the silica. Moreover, the abnormalities of a crack and others were 
not accepted in the film after conversion (electric insulation layer). Furthermore, 700 degrees C of this substrate were 
calcinated all over the quartz furnace for 1 hour. Although the degree of conversion to a silica advanced 100%, the 
abnormalities of a crack and others were not accepted. 

[0039] Furthermore, the multilayer-interconnection structure by contact / beer hall contact form was taken on this electric 
insulation layer. Abnormalities were not looked at by the electrical property of this equipment. 

[Example 1 of comparison] The hydrogen silsesquioxane resin (the with number average molecular weight 1,540, weight 
average molecular weight 7,705, and a molecular weight of 1,500 or less component of 41%, softening temperature of 90 
degrees C) was dissolved in the methyl isobutyl ketone, and it considered as the solution of 18 % of the weight of solid 
contents. 

[0040] It has arranged as an electric insulation layer between wiring layers of the semiconductor device which has the 
aluminum multilayer-interconnection structure (1.0 micrometers, level difference width of face, and a level difference interval 
consist of a pattern whose level difference quantity is 0.18 micrometers each) constituted on the silicon substrate in this 
solution, the substrate top after specifically covering a ground level difference with a CVD film - this solution ~ pre-rotation 
500rpm/-- for 3 seconds, subsequently the spin coat was carried out in this rotation 3,000rpm / 10 seconds, the solvent was 
fully evaporated further, and the paint film of 12,780A thickness was formed (in the deepest section) 
[0041] This wafer was calcinated at 400 degrees C under the nitrogen air current of about 100 ppm of oxygen densities all 
over the quartz furnace for 1 hour. It turns out that the sharp fall of thickness took place and the hydrogen silsesquioxane resin 
converted into the silica. The crack was observed by the film after ** and conversion (electric insulation layer). After forming 
a CVD film on this electric insulation layer furthermore, the multilayer-interconnection structure by beer hall contact form 
was taken. Poor electric contact was looked at by a part of this equipment. 

[0042] [Example 2 of comparison] The resin of the example 1 of comparison was dissolved in the methyl isobutyl ketone, and 
it considered as the solution of 22 % of the weight of solid contents. It has arranged as an electric insulation layer between 
wiring layers of the semiconductor device which has the aluminum multilayer-interconnection structure (0.5 micrometers, 
level difference width of face, and a level difference interval consist of a pattern whose level difference quantity is 0. 1 8 
micrometers each) constituted on the silicon substrate in this solution, the substrate top after specifically covering a ground 
level difference with a CVD film -- this solution ~ pre-rotation 500rpm/— for 3 seconds, subsequently the spin coat was 
carried out in this rotation 3,000rpm / 10 seconds, the solvent was fully evaporated further, and the paint film of 8,480A 
thickness was formed in the deepest section 

[0043] Although fluidization took place when this substrate was heated at 60 degrees C on a hot plate and under the nitrogen 
air current for 3 minutes, the embedding and paint film surface flattening of sufficient level difference section were not 
obtained. When this substrate was furthermore exposed to the bottom of the amount of DOSU of 160Mrad(s) with 
electron-beam-irradiation equipment of 165kV of acceleration voltage under the nitrogen containing 70 ppm of oxygen 
densities, it turns out that the hydrogen silsesquioxane resin in a paint film converted into the silica. Moreover, although the 
abnormalities of a crack and others were not accepted in the film after conversion (electric insulation layer), the surface wave 
(flapping) was not canceled. 

[0044] Although the multilayer-interconnection structure by beer hall contact form was taken after forming a CVD film on 
this electric insulation layer furthermore, since there was much surface irregularity, micro processing was impossible. 
[0045] 

[Effect of the Invention] As explained above, while using the hydrogen silsesquioxane resin which carries out content of the 
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with a molecular weight of 1500 or less hydrogen silsesquioxane resin at least 45% of the weight (namely, 45 % of the weight 
or more) according to this invention, in order to make this resin harden by the high-energy line, offer of a semiconductor 
device which has the electric insulation layer excellent in the covering flat metaplasia to an electrical circuit is attained. 



[Translation done.] 
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